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ABSTRACT 
 
HANNAH ANN BURROFF: Elevated Corticosterone Levels Decrease Vocal 
Attractiveness and Elicit Non-Calling Mating Tactics in Male Green Treefrogs, Hyla 
cinerea  
(under the direction of Dr. Christopher Leary)  
 
Condition-dependent male alternative mating tactics are often driven by competition 
among males for females. The expression of alternative male mating tactics can be influenced by 
the external social environment as well as internal physiological state. Recent models predict that 
circulating levels of stress hormones (i.e., glucocorticoids) and androgens may be particularly 
important in determining mating tactic decisions under varying social circumstances. This study 
integrates both components to investigate the cause of alternative mating tactic adoption in male 
green tree frogs, Hyla cinerea. Males of this species produce acoustic signals that are critical for 
attracting females and male vocalizations stimulate production of the stress hormone 
corticosterone (CORT) in rival males, suggesting that CORT plays a pivotal role in male-male 
competition. By administering CORT to calling male H. cinerea, I show that increased circulating 
levels of glucocorticoids significantly decrease vocal attractiveness of males and increase the 
probability of non-calling satellite behavior when males are challenged by another male; these 
effects occurred independently of changes in circulating androgen levels. My results suggest that 
males of this species attempt to manipulate the stress physiology of male competitors during 
vocal contests in ways that decrease the probability of acquiring mates.  
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INTRODUCTION 
 
Competition among males for a finite number of mates can result in the evolution of 
alternative mating behaviors (Gross, 1996). Alternative mating behaviors may be condition-
dependent and influenced both by the male’s social environment and internal, physiological state 
or they may arise because of genetic differences among males (Gross, 1996). In the former 
scenario, males often alternate between behaviors throughout their life, referred to as alternative 
mating “tactics”. In the latter scenario, the behavior that an individual adopts is governed by 
genetic polymorphisms and males maintain their behavior throughout their lifetime, referred to 
as alternative mating “strategies” (Brockman, 2001). A classic example of alternative mating 
tactics involves rove beetles (Leistotrophus versicolor) that conditionally switch between a 
dominant, courtship behavior that involves aggressive territorial defense and female mimicry 
behavior that involves males posing as females to gain access to these territories (Forsyth and 
Alcock, 1990). Some individuals will mimic a female when faced with a larger male opponent 
but will attack a smaller male and this switching between the two tactics is driven largely by 
social interactions (Forsyth and Alcock, 1990).  In contrast, males of the marine isopod 
(Paracerceis sculpta) are genetically polymorphic and these differences give rise to three 
discrete behaviors that are readily distinguishable by differences in morphology as well as 
reproductive strategies (Shuster and Wade, 1991). The three genotypes give rise to alpha, beta 
and gamma males that all differ in maturation rates, which influences behavioral and 
morphological differences (Shuster and Wade, 1991).  The larger alpha males exhibit a territorial 
defense behavior within harems, the smaller beta males mimic female behavior and morphology  
to avoid alpha males and gain access to females, while the tiny gamma males rely on their small 
size to evade detection by other males (Shuster and Wade, 1991). Gamma males have the fastest 
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maturation, followed by beta males, and alpha males mature most slowly. The maturation rate of 
the marine isopod is inversely related to reproductive tenure, meaning the alpha males have the 
longest reproductive term (Shuster and Wade, 1991).  
Hormones are well-known to influence reproductive behavior (Crews and Moore, 1986) 
and variation in circulating hormone levels are thought to play a prominent role in influencing 
the expression of fixed mating strategies and condition-dependent alternative mating tactics 
(Moore, 1991; Gross, 1996). Hormones may affect mating tactic expression via organizational 
and/or activational effects (Moore et al., 1998). For example, in tree lizards (Urosarus ornatus) 
organizational and activational effects of hormones give rise to fixed and plastic alternative 
mating behaviors. Males of this species possess either an orange dewlap morph or an orange-
blue dewlap morph (Moore et al., 1998). The difference between the orange dewlap morphs and 
orange-blue dewlap morphs seems to be fixed and organized by progesterone (Moore et al., 
1998). For example, exposure to high levels of progesterone early in development results in blue-
orange dewlap morph while exposure to low progesterone levels results in orange dewlap 
morphology (Moore et al., 1998). Exposure to varying progesterone concentrations during 
development thus results in permanent (fixed) differences in the phenotype (Moore et al., 1998). 
However, males of this species also conditionally switch between mating tactics. Variation in 
tactic expression occurs in orange males because they show a greater depression of testosterone 
levels in response to increased level of the stress hormone corticosterone (CORT) than orange-
blue males; stressed orange males exhibited nomadic mating behavior characterized by low site 
fidelity (Moore et al., 1998). In contrast, the orange morphs not exposed to a stressor have lower 
CORT levels and therefore higher testosterone levels compared to nomadic orange morphs and 
exhibit a sedentary behavior characterized by satellite behavior and maintenance of territories 
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(Moore et al., 1998). Orange-blue males are territorial because their testosterone levels are 
largely resistant to suppression by elevated CORT levels (Moore et al., 1998). Such hormonal 
effects on the expression of alternative mating behaviors are the basis for the Relative Plasticity 
Hypothesis, which predicts that organizational effects of hormones give rise to fixed male 
reproductive behaviors (strategies) while activational effects of hormones give rise to plastic 
male reproductive behaviors (tactics) (Moore et al., 1998).    
A central issue with many studies examining predictions of the Relative Plasticity 
Hypothesis is that often such studies do not assess whether the differences in mating tactic 
expression are caused by differences in circulating hormone levels or whether differences in the 
the social environment among males adopting different mating tactics give rise to differences in 
circulating hormone levels (Taborsky et al., 2008; Oliveira et al., 2008). In other words, the 
bidirectionality of hormone-behavior relationships often complicate determining the causal 
factors underlying tactic expression. Hence it is critical to determine if differences in circulating 
hormone levels between are attributable to differences in adopted behavior or whether 
differences in circulating hormone levels among behavioral phenotypes arise because males are 
subject to different environmental-social conditions (Oliveira et al., 2008).  
Anurans amphibians (frogs and toads) are a model system in which to investigate the 
possible causal relationship between hormones and behavioral expression as well as the 
influence of the social environment on behavior and hormone levels (Leary et al., 2006).  In 
many anuran species, males adopt an alternative non-calling “satellite” mating tactic in which 
satellite males “parasitize” a calling “host” male by remaining in close proximity to calling males 
to intercept approaching females (Leary et al., 2005). Individuals can switch between the 
dominant, energetically expensive calling tactic and the less energetically expensive, satellite 
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tactic between and within nights of chorus activity (Leary et al., 2005). Research examining the 
influence of the social environment on mating tactic expression has been performed by 
manipulating the acoustic environment of calling males. Such studies broadcast vocalizations to 
calling males and assess their response (i.e., whether they continue to call or adopt satellite 
behavior). The underlying hypothesis is that a male’s decision to adopt calling behavior or 
satellite behavior is based on the attractiveness of nearby conspecific males’ vocalizations 
(Perrill et al., 1982; Arak, 1998). Hence, a male with comparatively less attractive vocalizations 
is predicted to adopt a satellite tactic to increase the chances of acquiring mates (Arak, 
1998).  These playback studies show considerable behavioral variation within and between 
species in response to changes in the acoustic/social environment (Leary et. al., 2005.) This 
variance suggests that the physiological state of individuals plays an important role in the 
adoption of an alternative mating tactic. For example, some male H. cinerea that are exposed to a 
vocal playback (simulated male intrusion, SMI) ceased calling while others continued to call 
(Perrill et al., 1982). Different endocrine states of those males could be a primary factor 
governing the adoption of different mating tactics in response to SMIs.  
While substantial research has been directed at manipulating the social/acoustic 
environment to examine the effects on the likelihood of adoption of alternative mating tactics in 
anuran amphibians, there has been no research examining how the social environment and 
internal endocrine state of an individual potentially interact to influence the expression of 
alternative mating tactics. For example, circulating levels of androgens and stress hormones may 
be particularly important in determining a male’s response to varying social circumstances. The 
Energetics-Hormone Vocalization (EHV) model, for example, proposes that androgens and 
stress hormones (i.e., glucocorticoids) are of primary importance in regulating vocal behavior in 
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anuran amphibians (Emerson, 2001). The EHV model predicts that as androgens increase, vocal 
effort (i.e., the energy invested in vocalization) will increase, resulting in the depletion of an 
individual’s energy reserves. That depletion of energy reserves is expected to drive an increase 
of glucocorticoid levels, which decreases androgen levels and vocal effort (Emerson, 2001).  
    Data collected from green treefrogs, H. cinerea, are consistent with the predictions of the 
EHV model. For example, satellite male H. cinerea were in poorer body condition (the proxy for 
energy reserves), and had higher glucocorticoid levels and lower androgen levels than dominant, 
calling males (Leary and Harris, 2013). While this information supports the EHV model, it does 
not establish hormonal causation of tactic expression; differences in hormone levels between 
morphs could be attributable to the social environment (Oliveira et al., 2008). For example, 
males of this species produce acoustic signals that alter the endocrine physiology of signal 
receivers (Leary and Harris, 2013). Male H. cinerea produce two types of calls: advertisement 
calls and aggressive calls. Advertisement calls coordinate reproductive activity between the 
sexes and are used to ward off competing males while aggressive calls are almost exclusively 
used in male-male interactions to ward off competitors (Leary, 2014). The two types of calls 
differ mainly in their amplitude envelope. Advertisement calls are mostly unpulsed (not 
amplitude modulated) and aggressive calls are highly pulsed (Leary, 2014). Chorus sounds can 
increase sex steroid production in conspecific males (Burmeister and Wilczynski, 2000). 
However, this effect can be counteracted during close range male-male interactions characterized 
by the production of aggressive calls that increase circulating CORT levels and decrease 
androgen levels (Leary, 2014). Together, these results suggest that acoustic signals produced by 
male H. cinerea alter the endocrine physiology of male competitors in ways that reduce the 
attractiveness of rival males’ calls and increase the probability of non-calling behavior.  
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My honors thesis examined how elevations in circulating CORT levels influence vocal 
attractiveness and mating tactic expression in Hyla cinerea. I predicted that increased CORT 
levels in H. cinerea males would decrease vocal attractiveness when exposed to a SMI. I also 
hypothesized that elevated CORT would increase the probability of satellite behavior during 
SMIs.  
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METHODS 
 
Green tree frogs (Hyla cinerea) are frequently found in ponds and marshes in 
Southeastern United States. I studied green tree frogs from populations at the University of 
Mississippi Field Station (Lafayette County, MS.), a 740-acre field station that contains around 
200 ponds.  The experiments for this study were conducted over the summer months (late May – 
early July) in 2015 during the breeding season. All hormonal manipulations and experimentation 
took place during active chorus hours (2000-2400).  
 
Vocal Playback 
 
     Two calling H. cinerea males of similar size were initially identified from the chorus that 
were at least 15 meters away from each other to prevent interaction but close enough to monitor 
simultaneously. A series of conspecific advertisement calls were then broadcast to both 
individuals to simulate a male intrusion using a handheld Marantz PMD 222 speaker. Vocal 
responses of males were recorded with a Sennheiser directional condenser microphone (Model 
ME-66 and Marantz PMD 222 recorder). This procedure was repeated 2 or 3 times to ensure 
reliability of continuous calling for that individual. If the individual continued to call consistently 
to the simulated male intrusions (SMI), that individual was used in hormonal manipulation 
procedures. If the male ceased calling and adopted satellite behavior, they were excluded from 
the experiment.  
After the pair of males were deemed continuous callers, one was injected with 8ug of 
CORT in 100 uL saline and one was injected with 100 uL saline only. Both the saline and CORT 
injections were administered intraperitoneally via the inguinal region. Constant visual 
monitoring of both individuals was maintained in order to document movement, vocal variation, 
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and interactions with other males. At 15 minutes post-injection, I broadcast another series of SMI 
calls and recorded the vocal responses of the experimental males. SMI broadcasts were repeated 
in 15 minute increments for both the saline and CORT-injected males for up to an hour. SMI 
broadcasts were stopped after 60 minutes or if one of the subjects in an experimental pair of 
males stopped calling.  
Immediately following experiments approximately 100 uL of blood was obtained from 
both the saline and CORT-injected individuals in less than 4 minutes via cardiac puncture with a 
28-gauge heparinized needle. Weight and snout-vent length (SVL) were recorded for both 
individuals and they were tattooed before being returned to the site of capture to prevent re-
sampling. Blood samples were stored on ice before being centrifuged for 12 minutes at 2200 rpm 
to separate plasma. Plasma was stored at -20q C until CORT, dihydrotestosterone (DHT), and 
testosterone (T) levels were measured via radioimmunoassay.  
 
Vocal Analysis  
 
     Raven Pro acoustic software (Cornell Bioacoustics) was used to analyze calls. Calls 
produced before and after injection. The parameters measured included low and high carrier 
frequencies, call duration, call effort, intercall duration (length of time between consecutive 
calls), call rate, and call effort. These parameters were analyzed because female H. cinerea prefer 
advertisement calls with carrier frequencies reflecting the mean of the population and longer 
duration calls produced at high call rates, reflecting high vocal effort (Gerdhardt, 1991). All of 
these parameters were determined for a central portion of 10 or more successive calls utilizing 
waveforms and audio spectrographs. Calling effort was calculated using the following 
formula:              
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Calling Effort =  Duration of Call / (Duration of Call + Intercall Duration). 
    
 
Radioimmunoassay 
     The process of separating the hormones and measurement of hormone concentration in 
plasma samples was conducted according to the protocol outlined in Leary and Harris (2012). To 
begin, 30uL of plasma was put into an extraction tube and incubated overnight with radiolabeled 
hormone. Steroids were extracted from the plasma sample using diethyl ether, dried under 
nitrogen gas at 40 °C and resuspeneded in 10% ethyl acetate in iso-octane. Then samples were 
loaded onto diatomaceous earth columns with a 3:1diatomaceous earth: distilled water “glycol 
trap” and a 1:1 propandiol:ethylene glycol mixture. Mixtures of 10%, 20% and 52% ethyl acetate 
in iso-octane were then used to collect DHT, T and CORT, respectively. Fractions were dried 
under nitrogen and resuspeneded in phosphate buffered saline with 0.3% gelatin for use in 
radioimmunoassay. Testosterone antibodies were obtained from Fitzgerald Industries 
International Inc. and used for both DHT and T assays. Corticosterone antibodies were 
purchased from MP Biomedicals, LLC.  
 
Statistical Analysis  
 
     One-way ANOVA was used to analyze hormone levels and compare SVL between the 
two treatment groups. Two-way repeated measures ANOVA was used to analyze differences 
among call parameters over time in CORT versus saline-injected males. The between group 
difference was treatment while social context (SMI of No SMI) and time (pre-injection, 15-30 
mins post injection, and 30-60 mins post injection) were the within group differences. 
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Contingency tests were used to calculate the probability that a male exhibited aggressive 
behavior and the probability that a male ceased calling and adopted a satellite behavior.  
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RESULTS 
 
 Hormonal Data 
     Radioimmunoassay results verified that CORT injections significantly increased 
circulating CORT levels in H. cinerea males compared to males injected with saline (F1,21 = 
44.03, p = 0.0001; Fig. 1). Despite the difference in circulating CORT levels for saline versus 
CORT-injected males, circulating T and DHT levels did not differ between the two treatment 
groups (F1,22 = 0.04, p = 0.85; F1,22 = 0.80, p = 0.38, respectively; Fig. 2). There was also no 
significant difference in SVL between CORT and saline-injected males (F1,22  = 0.005, p = 0.95; 
Fig. 3). These results show that the increase in CORT was independent of any detectable changes 
in circulating androgen levels. 
Call Parameter Data 
Repeated-measures ANOVA test was used to analyze differences in call parameters of 
males injected with CORT versus saline to investigate the effects of treatment on the 
attractiveness of male’s vocalizations. Results are summarized in Table 1. 
 I found no overall significant variation between injection groups in low carrier frequency 
(F1,21 = 0.03, p = 0.88) but a significant main effect of social context (SMI vs. No SMI) (F1,21 = 
5.29, p = 0.03), a marginal effect of time (F2,42 = 74.16, p = 0.07), and a significant interactive 
effect of time by treatment (F2,42 = 4.44, p = 0.02). However, there was no clear increase or 
decrease in this vocal parameter for males that were treated with CORT versus saline (Fig. 4).  
     There was no overall between-group difference in high carrier frequency (F1,21 = 0.74, p = 
0.40) and no within group main effect of time (F2,42 = 0.15, p = 0.48) and no significant 
 12 
interactive effect of time by treatment for high carrier frequency (F2,42 = 0.15, p = 0.87). 
However, a significant main effect of social context was found for high carrier frequency (F1,21 = 
10.62, p = 0.004; Fig. 5) with CORT-treated males showing an increase in carrier frequency 
during SMI’s.  
  There was no overall between-group difference for call duration (F1,21 = 0.40, p = 0.53) 
but there was a significant main effect of both time (F2,42 = 3.11, p = 0.05) and social context 
(F1,21 = 26.52, p < 0.001) and an interactive effect of time by treatment (F2,42 = 3.84, p = 0.03) 
with CORT-injected males showing a greater decrease in call duration compared to saline-
injected males (Fig. 6).  
  There was a marginally significant between-group difference in vocal effort between 
CORT and saline-injected males (F1,21 = 3.95, p = 0.06) as well as a significant within group 
effect of time (F2,42 = 17.462, p < 0.001) and an interactive effect of time by treatment (F2,42 = 
4.62, p = 0.02) with CORT-injected males exhibiting a greater decrease in calling effort 
compared to saline-injected males. A significant main effect of context was not found for vocal 
effort (F1,21 = 0.38, p = 0.55; Fig. 7). Vocal effort is reflective of the amount of energy used in 
vocalizations and therefore is a strong determinate of attractiveness for females. My results show 
that there was a large effect of time and an interactive effect of time by treatment on vocal effort 
between groups with CORT-injected males experiencing a greater decrease in vocal effort than 
saline-injected males.  
     For intercall duration analysis, Mauchly’s Test of Sphericity was not met for the main 
effect of time (χ2 = 9.56, p = 0.01) so Greenhouse Geiseer (ε = 0.72) was used to correct the 
degrees of freedom. There was a significant main effect of time (F2,42 = 18.34, p < 0.001) and a 
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significant main effect of social context (F1,21 = 7.91, p = 0.01) on intercall duration. I did not 
find a significant interactive effect of time by treatment (F2,42 = 0.56, p = 0.52; Fig. 8). These 
results indicate that social context had a large effect between injection groups resulting in longer 
intercall duration periods in CORT-injected males. This means that CORT males exposed to a 
SMI had longer periods between their vocalizations. Vocal effort is inversely related to intercall 
duration and therefore longer intercall duration translates to lower vocal effort.  
     There was no overall between-group difference in call rate between CORT and saline-
injected males (F1,21 = 2.59, p = 0.12) nor was there a significant main effect of time (F2,42 = 0.16, 
p = 0.86) or effect of time by treatment (F2,42 = 0.37, p = 0.69). I did find a significant main effect 
of social context on call rate (F1,21 = 12.72, p = 0.002) as well as a significant interactive effect of 
social context by treatment (F1,21 = 8.26, p = 0.01; Fig. 9).  
Aggression Data 
     When males were exposed to a SMI after injection, we found that 7 of 12 (58%) CORT-
injected males became aggressive while only 3 of 12 (25%) saline-injected males became 
aggressive. A significant effect of hormonal manipulation was found on the likelihood of a male 
becoming aggressive when exposed to a SMI (χ2 = 6.17, p = 0.01, phi = 0.51). For proportion of 
aggressive calls made, Mauchly’s Test of Sphericity was not met for the main effect of time (χ2 = 
7.74, p = 0.02) so Greenhouse Geiseer (ε = 0.76) was used to correct the degrees of freedom.  
There was a significant main effect of time (F2,44 = 8.77, p = 0.002) and a significant main effect 
of social context (F1,22 = 11.79, p = 0.002) on the proportion of aggressive calls produced by 
male. There was a significant interactive effect of time by treatment on the proportion of 
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aggressive calls (F2,44 = 5.00, p = 0.01; Fig. 10). These results indicate that elevated CORT levels 
increase the propensity to vocalize aggressively during SMI’s.  
 
 
Calling Probability Data 
     Of the 12 males treated with CORT, 11 stopped calling and adopted a satellite tactic in 
response to a SMI (91.67%). All of the saline-injected males continued to call for the remainder 
of the experiment even when exposed to a SMI. This behavioral data was analyzed by chi-
squared analysis and showed that there is a significantly greater probability that a male injected 
with CORT adopted a satellite tactic compared to males injected with saline when exposed to 
broadcast advertisement calls (χ2 = 20.04, p < 0.001, phi = 0.92; Table 2). This data indicates that 
elevated CORT levels increase the likelihood that a male adopts non-calling satellite behavior 
when interacting with another male.  
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Fig. 1: Mean circulating corticosterone (CORT) levels 
in H. cinerea after saline or CORT injections. 
Treatment groups differed in circulating CORT levels 
(F1,22 = 44.03, p < 0.0001). 
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Fig. 2: Mean circulating DHT and T levels in H. 
cinerea after saline or CORT injections. Treatment 
groups did not differ in circulating androgen levels 
(DHT: F1,22 = 0.80, p = 0.38; T: F1,22 = 0.04, p = 0.85). 
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Fig. 3: Mean snout-vent length (SVL) in H. cinerea injected 
with saline or CORT.  Treatment groups did not differ in SVL 
(F1,22 = 0.01, p = 0.94). 
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Fig. 4: Mean low carrier frequency in male H. cinerea injected 
with saline or CORT and subject to repeated simulated male 
intrusions (SMI’s) See text for statistics. 
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Fig. 5: Mean high carrier frequency in male H. cinerea injected with saline 
or CORT and subject to repeated simulated male intrusions (SMI’s). See 
text for statistics. 
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Fig. 6: Mean call duration in male H. cinerea injected with saline or CORT 
and subject to repeated simulated male intrusions (SMI’s). See text for 
statistics. 
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Fig. 7: Mean vocal effort in male H. cinerea injected with saline or CORT 
and subject to repeated simulated male intrusions (SMI’s). See text for 
statistics.  
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Fig. 8: Mean Intercall duration in male H. cinerea injected with saline or 
CORT and subject to repeated simulated male intrusions (SMI’s). See 
text for statistics. 
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Fig. 9: Mean call rate in male H. cinerea injected with saline or 
CORT and subject to repeated simulated male intrusions 
(SMI’s). See text for statistics. 
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Fig. 10: Mean proportion of aggressive to advertisement calls in male 
H. cinerea injected with saline or CORT and subject to repeated 
simulated male intrusions (SMI’s). See text for statistics. 
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Call Parameter p(time) p(context) p(time x 
treatment) 
p(context x 
treatment) 
 
Low Carrier Frequency 
 
0.93 
 
0.03 
 
0.02 
 
0.95 
 
High Carrier Frequency 
 
0.48 
 
0.004 
 
0.87 
 
0.11 
 
Call Duration 
 
0.06 
 
< 0.001 
 
0.03 
 
0.58 
 
Vocal Effort  
 
< 0.001 
 
0.55 
 
0.02 
 
0.99 
 
Intercall Duration 
 
< 0.001 
 
0.010 
 
0.52 
 
0.58 
 
Call Rate 
 
0.86 
 
0.002 
 
0.69 
 
0.01 
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 Continued to call  Stopped calling 
Saline 12  0 
CORT 1  11 
 
 
 
 
 
 
 
 
 
 
 
Table 1: P-values for the main and interactive effects of call 
parameters in saline (n=12) and CORT-injected (n=12) male H. 
cinerea. 
Table 2: The behavior of calling male H. cinerea after injection with CORT or 
saline in response to a simulated male intrusion (SMI) broadcast call. 
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DISCUSSION 
 
 
Female H. cinerea prefer calls of longer duration and greater vocal effort (Gerhardt, 
1987, 1991), and my results show that males treated with CORT experienced a decrease in call 
duration as well as vocal effort. Hence, my results indicated that elevated CORT decreases the 
attractiveness of a male’s vocalizations when exposed to broadcast calls (SMIs).  
 Male H. cinerea produce aggressive calls that dramatically increase circulating CORT 
levels in the recipient of the aggressor’s calls (Leary, 2014). Aggressive calling is energetically 
expensive (Bennett and Houck, 1983) and therefore would need to be evolutionarily beneficial 
for the signal to persist. If an aggressor has the ability to alter the hormone profile of a competing 
male by increasing circulating CORT levels then, that aggressor’s actions can cause the 
recipient’s vocalizations to be less attractive to a female. Therefore, the winner of an aggressive 
battle can influence a hormonal cascade in their opponent that results in less attractive calling of 
the receiver and a lower probability of mate acquisition. Lowering a competitor’s probability of 
mate acquisition is beneficial for the aggressor. Essentially, male H. cinerea appear to increase 
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their chances of acquiring a mate by manipulating the stress physiology of male vocal 
competitors via acoustic signals.  
Another interesting finding of this study was that CORT-injected males exhibited an 
increased probability of aggressive behavior when exposed to a simulated male intrusion. This 
finding is particularly interesting because typically, aggression is causally linked to androgens in 
vertebrates (Wingfield et al., 1990) but circulating androgen levels did not differ between saline 
and CORT-injected males. One explanation for this occurrence could be that fast acting, non-
genomic glucocorticoid effects “prime” an individual for a possible aggressive encounter before 
genomic and other long-term effects of glucocorticoids take place (Mikics et al., 2004). Short-
term glucocorticoid exposure has been shown to increase aggressive behavior while chronic 
glucocorticoid exposure (due to a chronic stressor) significantly decreases aggressive behavior 
(Summers and Winberg, 2006). Males used in this study were observed for a total of 45-60 
minutes and the non-genomic effects of glucocorticoids can occur as fast as a few seconds and 
last up to two hours (Groeneweg et al., 2011). Females prefer calls that are not amplitude-
modulated (Gerhardt, 1978) so a higher proportion of amplitude-modulated aggressive calls is 
another effect of high CORT levels that could lower the attractiveness of a male.  
 Elevation in circulating levels of CORT in H. cinerea significantly increased the 
probability that a male adopted a non-calling satellite mating tactic during SMI’s. These effects 
and the effects of CORT injections on call parameters occurred independently of any change in 
androgen levels. These results contrast with predictions of the Energetics-Hormone Vocalization 
model (Emerson, 2001) which predicts that changes in vocalization will be related to variation in 
circulated androgen levels. CORT actions occurring independently of changes in androgen levels 
could occur via effect of CORT on the neural activity in central vocal motor control centers 
 29 
(Leary et al., 2004). This model suggests that CORT interacts with AVT (arginine vasotocin) 
instead of androgens to mediate calling behavior. AVT is known to mediate sexual behaviors in  
roughskin newts (Moore et al., 2000), however the exact mechanism of this interaction between 
CORT and AVT is unknown. Overall, my results suggest that the adoption of the satellite tactic 
in H. cinerea can be viewed as a counter strategy to losing an aggressive vocal bout. The loser’s 
CORT levels increase which causes that male’s vocalizations to become less attractive. Satellite 
behavior may be more effective means of mate acquisition if males produce relatively 
unattractive vocalizations (Arak, 1998).  
An interesting future study could be a glucocorticoid hormonal manipulation in an 
already formed satellite-calling male pair. The study could analyze the injection of CORT into 
the calling male of the pair to investigate its implications. If the calling male stops calling and 
adopts satellite behavior, analysis could then turn to the original satellite male that was 
parasitizing the calling male prior to treatment. With the calling male no longer calling, the study 
could analyze the likelihood that the satellite starts vocalizing in absence of a nearby calling 
male. I think this study could investigate the direct implications of increased CORT levels in 
naturally formed and pre-existing satellite-caller pairs.  
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